Several scientific studies indicate that farmers do not often use formalised decision support tools as expected, and many prefer to rely on their intuition to make practical management decisions. While agricultural science and education acknowledge the different types of knowledge that farmers utilize, intuition continues to receive little attention in agricultural science, indicating a gap in farmer decision-making research.
Introduction
Until recently, biodynamics has not featured heavily in research or publications coming out of mainstream agricultural science because of its perceived esoteric nature. However, the increasing number of biodynamic farmers in a growing number of countries has led to renewed interest in biodynamic farming from the scientific community (Code 2018) .
This article has three aims: The first is to identify a theoretical and practical knowledge gap in modern agricultural science where farmer decision-making is concerned. The second aim is to explore how that gap could be narrowed through collaborating with the theory and practice of biodynamics. The third aim is to describe what might be the potential benefits of such collaboration for biodynamics, mainstream agricultural science and farmers in general.
The knowledge gap in modern science on farmer decision-making
Farm management decision-making has been greatly advanced through modern (Newtonian-Cartesian) science. This can be attributed to the focus of modern science on the generation of explicit knowledge using a mainly logical approach. Explicit, or formal, knowledge can be documented, codified, articulated and easily transferred in a systematic and tangible form using numbers, formulae, words and manuals (Boateng 2006; Nonaka and van Krogh 2009; Vangala et al. 2014 ).
This rational approach has accelerated the development of technological tools in the last few decades, such as information communication technology and precision agriculture, that aim to support farmer decision-making (Fountas et al. 2006 ). These formalised tools are based on cognitive task analysis, and are generally designed to bridge the knowledge gap between agricultural science and farming practices to streamline farm management decisions. While such tools have been adopted and are useful to many farmers when making difficult decisions (Bramley 2009; Fountas et al. 2015) , several studies have found that farmers often do not adopt formalised tools as expected, and prefer making use of other internal decision-making skills, such as intuition (Lynch et al. 2000 ; Alvarez and Nuthall 2006; Öhlmér 2007; McCown 2012; Kieft 2015; Nuthall and Old 2018) .
It appears that the development of such tools is rarely done with consideration for, and a detailed understanding of, the relationship between the specific knowledge that farmers have, and the way in which farmers arrive at the decisions they make (Alvarez and Nuthall 2006; Öhlmér 2007 ; Robert et al. 2016) .
Additionally, formalised tools are only available to those farmers who have access to them and who understand how to use them, which is rarely the case for indigenous, small-scale, smallholder and subsistence farmers, and especially in less industrialised countries. These farmers use their tacit understanding to employ practices to adapt to increasingly unpredictable climatic conditions, such as drought (Kieft 2006 (Kieft , 2015 IAASTD 2009 ), indicating the value of tacit knowledge in developing resilience of farming systems. Their situational knowledge (Haraway 1988 ), generated in situ through experience, language, culture, tradition and savoire-faire (the adaptive ability to determine appropriate action), is often the product of tacit learning. Tacit, or intangible, personal knowledge, is informal and implicit in nature, involving perspective, personal beliefs and values, and it cannot always be codified, articulated, or transferred (Nonaka 1994 Tacit knowledge is, of course, not limited to indigenous, small-scale and subsistence farmers. However, the importance of farmers' tacit knowledge has not yet filtered significantly into mainstream agricultural research, and it is rarely discussed in large-scale or industrialised agricultural sectors that rely on modern science, which places emphasis on explicit knowledge. This indicates a disparity between modern science's current knowledge of farmer decision-making and the kinds of knowledge, like tacit knowledge, to which farmers have access and on which they rely, which are not purely rational.
So how then can modern science be used to better support farmers and diverse farming practices? If modern science is currently limited in its ability to access -let alone appropriately operationalise -these different kinds of knowledge, then perhaps a more prudent approach is to find ways to support farmers in developing their own field of (multisensory) awareness and ability to effectively access and utilise tacit knowledge.
What is understood by intuition?
Intuition, or 'knowing from within', has been described as one method of accessing tacit knowledge ( Lufityanto et al. 2016 ). In business management, intuition is considered a pervasive, involuntary and automatic approach that managers can harness and use in situations when they are able to recognize and manage it (Sadler-Smith and Shefy 2004). Jung (1976 Jung ( [1921 ) outlines four basic functions of the conscious human psyche that contribute equally to adaptation and orientation: sensation (perception through sense organs), thinking (intellectual cognition and logical judgement), feeling (subjective valuation) and intuition. He describes intuition as necessary for holistic thinking, defining it as "perception by way of the unconscious, or perception of unconscious contents" that enables humans to "divine hidden possibilities in the background".
About two decades before Jung, Rudolf Steiner, the founder of anthroposophy and biodynamic agriculture, considered intuition as the highest stage of non-physical perception, a superconscious stage of knowledge, and as pivotal to examining one's own thoughts in the quest for self-awareness (Cain 2016 ). In addition to his own insights, Steiner was inspired by many ancient philosophical traditions and their texts, such as the Vedanta in ancient India. This may have influenced his unique perspective for his time of how, not just human-related, but other tangible and intangible factors, influence human decision-making and behaviour.
Steiner made it clear that the maps he was attempting to draw to navigate the landscape of the human psyche were not the landscape itself, and was careful in articulating what he meant. Because of the lack of appropriate language available for translating experiences in the non-verbal, super-sensible worlds (beyond what can be experienced through the five physical senses) to physical worlds, he deliberately pointed out that he often only hinted at what he felt would be hubris to put into words (Steiner 1995 (Steiner [1894 ; vii).
There is currently no consensus on what is meant by intuition, even by farmers who state that they rely on their intuition (Paxton et al. 2017 ). If used sub-consciously, it could be considered a latent resource, whereas when used consciously to any degree, it is a resource that could benefit from refinement. Nevertheless, it is a potentially highly useful faculty present in all farmers worldwide, and the use and development of it deserves more attention in farmer decision-making research (Paxton et al. 2017; Nuthall and Old 2018) . Doing so could offer a means of empowering farmers to individually access and apply tacit knowledge that may be more appropriate for their own circumstances (Boateng 2006 ). . There is undoubtedly great value in obtaining such information, but there may be a risk that, because of the internal, experiential nature of tacit knowledge that is situational and embedded in particular cultures, the practices developed from them might not be suited to adaptation to, or scaling up in, other cultures and regions (Chilisa 2012 ).
An alternative to externalising tacit knowledge to fill the knowledge gap
Since tacit knowledge cannot easily be articulated and transferred, could such an externalisation process alter or dilute the value of this form of knowledge? Furthermore, given that ICT tools are often not adopted or used as expected, if such information were incorporated into ICT tools, would these tools be accessed and adopted by farmers? According to Hochman and Carberry (2011), support systems should help farmers develop their intuition instead of replacing it with optimised recommendations.
The same studies that found that farmers did not adopt formalised tools as expected also found that many farmers prefer an intuitive approach to an analytic system (Lynch et al. 2000; Öhlmér 2007 ; McCown 2012; Kieft 2015; Nuthall and Old 2018). As described above, the design of formalised tools rarely, if ever, considers the other forms of specific knowledge that farmers have and use, or how they actually make decisions. As Öhlmér (2007) puts it, "We know what farmers should do, but not so much about what farmers actually are doing".
So, if some farmers prefer relying on intuition, what are the benefits of doing so? In a study by Paxton et al. (2017) of 79 organic farmers in Germany, Austria and the UK, the development of intuition was one of ten key points agreed to be vital for the running of healthy farming systems. As one farmer in the study put it: "We're talking about things that are not actually tangible… something older, something that we have lost, like intuition". Other farmers in the study stated that farm health management needs to account for the individuality of the farm, and not just use blueprint solutions, and that intuition allows customised practical decisions.
Farmers surveyed in the Netherlands, Peru, Brazil and Sri Lanka also reported that relying primarily on their intuition allowed them to secure considerable benefits, such as lower inputs (e.g. water, fertilizer, vet costs, time used for making decisions), improved outputs (e.g. feed conversion in animal production, longer product shelf-life, higher yield), greater profit margins, improved farm health and reduced negative environmental impact, improved personal well-being (e.g. feeling healthier, more satisfied with their decisions and more in harmony with nature) (Kieft 2006 (Kieft , 2015 .
Regenerative farming requires more locally appropriate strategies and practices (Pimbert 2015) , which implies more localised decision-making, i.e. decision-making tailored to a farm's specific set of conditions and requirements, which then falls to the responsibility of the farmers. If so, then perhaps it would make more sense if farmers were to be supported in developing intuition, that could complement their analytic processes, and allow them to make quick, customised, decisions that are suitable to their particular situation (Nuthall 2012; Kieft 2015; Nuthall and Old 2018).
How could farmer intuition be developed?
As intuition is an innate part of all decisions, focusing on it could offer farmers a potentially valuable skill to support and complement their decision-making. Focusing research attention on farmer intuition does not suggest that farmers should use explicit knowledge or their analytical, logical abilities any less, nor does it suggest that research into tools that support their analytic abilities should not continue. However, assuming that farmers would need and/or want support from research focusing on intuition development, this might imbue them with more agency, autonomy and responsibility than approaches that make them further reliant on external sources of advice.
The true success rate of intuition is unknown, and while many authors describe it as accurate (Claxton 1998; Khatri So far, only one published study in the agricultural sector by Nuthall and Old (2018) has addressed the question of how farmers can develop their intuition for management decision-making, with the aim to develop an original model of explaining intuition and how it may be developed based on the variables that the authors have found to influence intuitive decision-making. While the insight gained through studies like these would be highly valuable, there is a risk in treating intangible knowledge in the same manner as explicit knowledge. As discussed earlier, such approaches to tacit knowledge and subtle abilities could mean that progress remains limited because of the generally reductionist nature of the scientific approach, in which dynamic, living processes, both external and internal, are reduced to the parts of a process or system for study. Intuition is not easily verbalized (Hodgkinson et al. 2008) , and so methods used to train analytical skills may not be entirely appropriate for developing subtle abilities such as intuition.
Since tacit knowledge can be accessed through tactile experiences, movement skills and reflection (Nonaka and van Krogh 2009), embodied practices and experiential learning may offer an additional approach to refining intuition development that may be more appropriate.
While intuition is not emotional, biased, or opposed to rationality (Khatri and Ng 2000) , intuitive decisions do seem to be influenced by subtle emotional priming (Goodyear et al. 2016 ), suggesting that recognition and management of one's emotional triggers may be an important part of developing intuition (Kahneman 2003; Sinclair et al. 2010) .
People vary in their intuitive abilities, but self-critique, structured reflection and reflexive processes are crucial to developing confident and informed intuition (Nuthall and Old 2018) . According to farmers who claim to use their intuition in managing farm health, personal development is closely tied to building the intuitive capacity, with self-observation and self-reflection needed for farmers to match their abilities with the complexity of their farm (Paxton et al. 2017 ). This aspect of developing intuition places responsibility on the farmer to actively engage in personal development, which is likely to be more challenging than sitting in a course or workshop and passively absorbing explicit knowledge. However, consultation with friends and colleagues, which is also an important part of intuition development (Nuthall and Old 2018) may offer farmers support in this process.
So, if intuition development might be facilitated with embodied experience, and requires engaging in reflective and reflexive processes, this presents an opportunity for developing new research methodologies for the scientific approach.
One of the most appropriate approaches currently may be emergent transdisciplinary design research (ETDR), in which the research design emerges as the research process unfolds (Rosenberg 2017 ; van Breda and Swilling 2018). This has evolved from transdisciplinary, participatory methods, which position the researchers as co-inquirer(s) in a reciprocal relationship with study participants, rather than subjects (Lang et al. 2012; Chilisa 2012: 189-194; Madjidi 2014). These approaches favour an evolution of endogenous (generated from within) knowledge over an extractive approach to knowledge production.
Such research deliberately requires both acknowledgement and inclusion of both the researcher's and study participant's beliefs and values during the research process, as well as the involvement of the researcher's own intuition in making key decisions in developing the research process (van Eijk 1998; Rosenberg 2017). It also requires that the researcher be open and willing to potentially undergo a personal transformation, particularly of the filters of the lenses with which they view reality.
How could biodynamics help farmers develop intuition?
While biodynamic certification only regulates physical practices on farms, the teachings of Steiner encourage farmers to develop their self-observation abilities and incorporate the information gained in their practical decision processes, as will be described below. Academic data is not easily available on the extent to which biodynamic farmers use these practices. However, in the study by Paxton et al. (2017) , biodynamic farmers are more comfortable with speaking about their feelings and the concept of intuition than organic farmers (Anja Vieweger personal communication). Based on the website of a biodynamic farm in Kentucky, USA, "biodynamic agriculture emphasizes the importance of the farmer's personal relationship with the land. Keen observation… and following one's intuition are vital to the success and quality of biodynamic farming" (https://foxhollow.com/what-is-biodynamics). Similarly, a farmer in Ontario, Canada, who converted from conventional to biodynamic farming stated that "Observation and intuition were guiding lights for communities whose members worked together to feed themselves" (https://www.producer.com/2016/02/agriculture-at-the-crossroads/).
That there is a systematic approach available to farmers means that biodynamic agriculture is the only form of modern, Western alternative agriculture that proactively recognizes and encourages intuitive farming.
As discussed above, personal development seems to be an important part of coming to grips with intuitive ways of knowing. Steiner's perspective on intuition could be helpful in addressing the knowledge gap in modern science about intuition and intuition development, both within and beyond agriculture.
Steiner was careful to articulate his understanding of intuition, and provided systematic guidelines for honing the 'subtle' abilities of humans, in a similar way to how the intellect can be schooled: In what is often described as the most fundamental book that Steiner wrote, 'The Philosophy of Freedom' (1894), he describes what he learned when applying observational methods of natural science to super-sensible worlds, such as Goethean observation.
In 'Knowledge of the Higher Worlds and its Attainment' (translated), Steiner outlines practices for the reader to develop super-sensible perception -"When rightly applied in life, knowledge of the super-sensible worlds proves not to be impractical, but practical in the highest degree" (Steiner 2012 (Steiner [1904 ; 5). In a subsequent publication, 'The Stages of Higher Knowledge', he describes imagination, inspiration and intuition as three human faculties that are dynamically and consecutively part of the development of super-sensible perception. He describes intuition as a non-dual experience of the other, in terms of there being no subject or object relationship between the perceiver and the perceived. In this work, he states "Intuition is not a mode of cognition which with regards to clarity lags behind intellectual knowledge, but one that far surpasses it" (Steiner 1967 (Steiner [1905 ). This agrees with authors in modern science who describe the accuracy and immediacy of intuition (Claxton 1998; Khatri and Ng 2000; Hodgkinson et al. 2008; Lufityanto et al. 2016 ).
Steiner's works appear to be the only set of systematic guidelines for developing not only super-sensible perception and intuition, but also what I more broadly define as 'ecofluency': the ability to fluidly and accurately converse with more-than-human nature using the expanded spectrum of human sensory awareness.
Etymologically, 'eco' is derived from 'oikos' (Greek) meaning house or habitation, and 'fluency' from 'fluentem' (Latin) meaning free-flowing or relaxed. This builds on ecoliteracy, which applies a more holistic understanding of complex systems thinking in order to 'read', or sense, into "the book of nature" (Code 2019 ). Yet, as outlined by Code, 'ecoliteracy' is limited by both one's definition of 'book' and what it actually means to be 'literate': literacy tends to be dependent on explicit knowledge and one's ability to effectively comprehend and interpret it.
Additionally, perceiving nature as a book implies that there is a passive uni-directional 'reading' of 'nature'. Ecofluency, as I propose, goes a step beyond: it not only requires fostering an intimate comprehension of the functioning of interconnected ecological systems, but it invites us to acknowledge and apply our understanding of the bi-directionality of our participation with/in 'nature', to cultivate a sense of harmony (flow) through a process of co-creation (dialogue) with the more-than-human world.
This requires an expanded perspective of 'nature': one that shifts from seeing it as a background for human activity and food growing, to an animate web of inter-related organisms with which we can commune through a range of intuitive approaches. Indeed, the ability to integrate multiple perspectives on the human-nature relationship is considered vital in progressing the many fields that comprise the scientific study of ecology (Zylstra et al. 2018) , and, therefore, agro-ecology. Integrating the rational and intuitive faculties of human awareness allows one to develop 'a feel' or 'attunement' for the more-than-human world and, in time, bring one into closer relation with biodiversity -an approach deemed vital for averting the 'extinction of experience' (cf. Samways 2007) .
The practice of ecofluency also encourages more regular, direct and meaningful contact with nature and the sublime -elements that inculcate a sense of connectedness and, in turn, fosters a conservation ethic that supports pro-environmental behaviour (Pyle 2003; Saunders 2003; Miller 2005; Zylstra et al. 2014 Zylstra et al. , 2018 . This might help meet the need for farmers to match their own abilities with the unique complexity of their farm, as described by intuitive farmers in the study by Paxton et al. (2017) .
As has been described by Samways (2007) and Zylstra et al. (2018) , the primacy of direct experience needs to be emphasized if the collective human relationship with nature, upon which our food systems are also based, is to foster greater connectedness and harmony and, through that, transform the food systems themselves. Steiner, in his Agriculture Course lectures, does this by inviting farmers to act accordingly in their function as an organ in their farm's 'self-contained individuality', as he refers to self-sufficient agroecosystems. Intuition, as described in Steiner's texts above, could be a step in developing intuitive communication with nature, or ecofluency, and the necessary evolution of the human-nature relationship.
Jung and other authors describe intuition as an unconscious function. Steiner considers intuition a superconscious stage of knowledge that can be developed or attained through particular, yet customisable, methods that include his theory about the origins of intuition, and places the greater part of the responsibility in the hands of the individual. Therefore, Steiner's perspective on the value and development of intuition may be a comprehensive, or holistic, approach that could be adopted by different individual farmers, groups of farmers and cultures to suit and complement their particular needs in developing their intuition and other subtle abilities.
Biodynamics already has a global presence, practiced in at least 47 countries with a growing number of associations and members. This means that there is an existing network, and through which researchers could contact biodynamic farmers. It also provides easier access for both biodynamic and non-biodynamic farmers to Steiner's teachings, and to other individuals and groups who may share similar goals in developing their intuition and other subtle abilities. This may be important, because, as mentioned earlier, intuition development is supported by consultation with friends and peers.
For a long time, biodynamic philosophy and practice in and of the non-material world has been its most underplayed characteristic. But it may offer the rest of the farming community valuable inspiration and insight, and a more open conversation between biodynamics and the rest of the agricultural world needs to be had.
Potential benefits of collaborative research
If the knowledge gap could be, at least partially, addressed through collaborative explorations between modern agri-cultural science and biodynamic theory and practice, then there may be a number of benefits to both parties.
Because of the seemingly mysterious nature of biodynamics, it has often been ignored, and even dismissed, by mainstream researchers and conventional farmers. The biodynamic community could benefit from scientific findings that recognise the value of biodynamic practices. This could help to provide a bridge between biodynamic and conventional farmers, which might help change how conventional farmers perceive biodynamic agriculture. This may help spread the awareness and practice of biodynamics. It may also encourage biodynamic farmers to deepen their intuitive abilities and more consciously use them in practical decision-making.
There may be similarities between what is taught in Steiner's work about intuition and what has been learned through modern science. For example, Steiner encourages those who wish to develop their super-sensible abilities, such as intuition, to become more aware of the sensations that arise within the body. Electrophysiological evidence has found that the heart is involved in the reception, processing, and decoding of intuition (McCraty et al. 2004) , and it appears that the relationship between intuition and visceral sensations, or 'gut feelings', may share a common, perceptive origin (Radin and Schlitz 2005) . Both of these perspectives support the use of embodied and experiential learning in training intuition.
There is already a basis in modern science of theories and methodologies for facilitation and support of individual and group processes, towards personal and collective transformation, such as the studies by Madjidi (2014), Zylstra (2014) and van Eijk (2015). If successful, the outcomes of collaboration between agricultural science and biodynamics could add to and help develop this knowledge base.
New research methodologies for such collaboration may need to be developed, which may also require a development or expansion of the lexicon available to researchers and study participants, or co-inquirers. Ecofluency may be one such term that could be added to this lexicon, in helping to overcome 'linguistic or scientific imperialism' -the notion that so much of the externalised land management guidance is produced in English and/ or with a scientific worldview, which may be difficult for farmers to understand, especially small-scale and subsistence farmers. Encouraging intuition, and ecofluency, might go some way towards bypassing those roadblocks, and there is much to be learned from the language used in anthroposophy and biodynamic farming. Anthroposophical language is more creative and abstract, and may be more appealing to farmers when engaging intuition development than the kind of language used to generate and impart explicit knowledge. This may be particularly useful when working with indigenous and traditional farmers, whose worldview of recognising the importance of interacting with the non-material world may resonate more with the anthroposophical approach that informs biodynamics, than that of the materialist worldview that is dominant in modern science.
Conclusion
In this exploratory article, a theoretical and practical gap in knowledge in modern agricultural science on farmer decision-making was identified, and reasons given for why that gap may need to be addressed with non-conventional scientific approaches. A proposal is made here as to how the teachings behind biodynamics may help to bridge that gap, and the potential benefits of an alliance between biodynamics and mainstream agricultural science and farmers are explored.
Supporting farmers in refining their intuitive abilities would be a practical and strategic approach for helping farmers to access tacit knowledge and make quick, accurate, customised decisions in systems that are complex and dynamic. This could complement farmers' explicit knowledge and analytical abilities, and would be especially useful for farmers who do not have access to the technology upon which formalised decision support tools rely. A forthcoming article will explore the literature on that particular topic in more detail. Furthermore, this might be supportive for farmers, and even non-farmers, in regaining agency for, and confidence in, their own inner knowing, or 'knowledge compass', and belief that they can have the ability to access the relevant information they need at a given time.
Based on the arguments made here, it appears that collaborative explorations between modern agricultural science and biodynamic theory and practice could provide an innovative and more adequate approach to investigating the development of farmer intuition than a purely analytical one, and so potentially begin to close the knowledge gap. Steiner's works offer a different type of language that could help expand the lexicon for such research, add to the understanding and body of literature on intuition, and provide a basis for ecofluency.
Such an alliance may help to reinvigorate agricultural research towards more efficient, customised and coherent practices and, ultimately, resilient farming systems.
